used interchangeably. For the purpose of this article, we refer to emergence agitation.
The pooled odds ratio of the incidence of emergence agitation with sevoflurane is reported to be 2.21 (95% confidence interval 1.77 to 2.77) compared to halothane 1 . Emergence agitation poses a risk of injury, accidental removal of dressings, catheters or drains, requires extra nursing care and supplemental sedative and/or analgesic medications, which may delay patient discharge and may increase perioperative cost 1, 2 . Although the evidence for emergence agitation influencing long-term outcome is lacking, it is associated with new onset postoperative maladaptive behaviour changes 3 .
Various interventions including anti-5HT 3 antagonists 4 , fentanyl 5 , oral midazolam 6, 7 and more recently dexmedetomidine 8 and clonidine 4, 7, [9] [10] [11] [12] [13] have been used for reducing the incidence of emergence agitation associated with sevoflurane. Various doses of clonidine have been used with mixed risks and benefits 4, 7, [9] [10] [11] [12] [13] . An intravenous dose of 2 to 3 µg/kg 9, 10, 12, 13 has been used successfully in premedicated as well as unpremedicated children but is associated with significant decrease in heart rate (116±32 vs 112±28 /minute) 10 and mean arterial pressure (92±18 vs 87±21 mmHg) 10 in the postoperative period 12, 13 or with a longer time to arousal (22.3±16.5 vs 14.4±14.8 minutes) and longer post-anaesthesia care unit stay (56.9±20.6 vs 46.1±16.2 minutes) compared to placebo 9 . A dose of 1.5 µg/kg is reported to be ineffective in unpremedicated children 4 .
Intense preoperative anxiety in children has been associated with an increased likelihood of restless recovery from anaesthesia 3 . Midazolam has been shown to decrease emergence agitation following sevoflurane anesthesia 6, 14 . At our institution, we routinely use oral midazolam premedication for children in the age range of nine months to six years 20 to 30 minutes before induction of anaesthesia.
Ophthalmic surgery has been reported to have a higher incidence (28%) of emergence agitation 15 . It has been suggested that this is because when vision is disturbed following surgery and eye patching, the reactivity of the child to a hostile environment upon awakening from anaesthesia may be distorted 16 . Clonidine combined with oral midazolam has been used in general surgical patients to reduce the incidence of emergence agitation. We wanted to assess the combination of midazolam and clonidine in young patients having cataract surgery.
We hypothesised that a low dose of intravenous (IV) clonidine, i.e. 1 µg/kg, might be effective in reducing the incidence of post-sevoflurane agitation in children undergoing cataract surgery and premedicated with oral midazolam without producing the side-effects of higher doses. Hence this study was designed to evaluate the effectiveness of 1 and 2 µg/kg IV clonidine compared with placebo for preventing post-sevoflurane emergence agitation in children premedicated with 0.5 mg/kg oral midazolam and undergoing cataract surgery.
As preschool age, type of surgical procedure (such as ophthalmic surgery) and sevoflurane anaesthesia are reported to have a higher incidence of emergence agitation, we evaluated a high-risk population in this study, i.e. one-to six-year-old children receiving sevoflurane anaesthesia undergoing cataract surgery.
MATERIALS AND METHODS
This study was conducted at the eye centre of a tertiary teaching hospital from January 2008 to February 2009. After approval of the hospital ethics committee and parental written informed consent, 124 children, American Society of Anesthesiologists physical status I to II, aged between one and six years undergoing cataract surgery were recruited in this randomised, double-blind and placebocontrolled trial. A consort flowchart of participants is provided in Appendix 1. Children with a history of allergy to midazolam, clonidine or bupivacaine, seizure disorder, developmental delay, any neurological disease potentially associated with symptoms of agitation, family history of malignant hyperthermia or an ineffective sub-Tenon block during surgery were excluded from the study. All children were fasted six hours for solids with an opportunity to drink clear fluids until four hours preoperatively.
Patients were premedicated with oral midazolam 0.5 mg/kg mixed in honey 20 to 30 minutes prior to induction of anaesthesia. An independent observer performed a preoperative separation score (1: asleep, 2: good separation, awake, calm, 3: awake, anxious, can be easily reassured, 4: crying, can't be reassured) 17 and induction score (1: excellent, asleep, calm, awake, co-operative, accepting the mask; 2: slight fear but can be reassured easily; 3: moderate fear and reassured with difficulty; 4: crying, needs restraint) 17 20 to 30 minutes after midazolam administration. Anaesthesia was induced with inspired sevoflurane 8% in a 40:60 mixture of oxygen/nitrous oxide using a facemask. Intravenous access was established after induction and, after achieving sufficient depth of anaesthesia, a laryngeal mask airway was inserted for airway maintenance. Anaesthesia was maintained with O 2 (33%), N 2 O and sevoflurane (1 to 1.5%) with spontaneous respiration. After induction of anaesthesia but prior to surgical incision, all patients received a sub-Tenon block (performed by the surgeon) with 0.08 to 0.1 ml/kg of 0.5% bupivacaine following instillation of proparacaine 0.5% eye drops in the infero-nasal quadrant. All children received 10 mg/kg intravenous paracetamol in the maintenance intravenous fluid infusion. Before the sub-Tenon block, the patients were randomised to one of the three groups to receive intravenous clonidine 1 or 2 µg/kg or no drug diluted to 10 ml saline administered over five minutes. The study drug was administered after the sub-Tenon block. A computer generated random number was obtained using blocks of six and kept in opaque sealed envelopes. The envelope was opened by an independent anaesthetist not involved in the study, who prepared the study drugs. The anaesthetist, surgeon and observer were all blinded and the master codes were held by a person who did not participate in the observation. Intraoperative monitoring included blood pressure, pulse oximetry, end-tidal carbon dioxide and respiratory rate which were recorded five minutely until the end of surgery. At signs of inadequate analgesia (defined as rise in heart rate or blood pressure of 20% above the baseline or requirement of sevoflurane >1.5%), intravenous fentanyl 1 µg/kg was administered as rescue analgesia and the child was excluded from the study. Ventilation was assisted in the event of an end-tidal CO 2 rise to >50 mmHg. At the end of surgery patients breathed 100% O 2 and the laryngeal mask airway was removed. Sevoflurane was turned off after laryngeal mask airway removal.
Postoperatively, the children were shifted to the post-anaesthesia care unit. This is a quiet, warm place with lighting designed to be adequate clinically but not so bright as to cause distress. Monitoring for the study was by an independent observer in the presence of one parent. The pain/discomfort score (PDS, see Appendix 2 in the online version) was used to determine agitation and was recorded every 15 minutes for a minimum of 90 minutes or until discharge. A total score of ≥3 at any time point for items 3 to 5 of the PDS was an indicator of post-anaesthetic agitation as defined in other studies 12, 18 . A score of >6 was an indicator of severe agitation. Patients received IV fentanyl as a rescue medication in increments of 0.5 µg/kg if the agitation score remained >6, despite all calming efforts by the child's guardian/parent and nursing personnel. Children were judged ready for discharge from hospital after achieving a modified Aldrete recovery score of 9/10. All patients are kept for at least 90 minutes in the post-anaesthesia care unit before discharge as an institute protocol, even if discharge criteria are met earlier.
The primary outcome of our study was the incidence of postoperative agitation. Time to discharge, incidence of cardiovascular and respiratory depression, nausea and vomiting were studied as secondary outcome measures.
Statistical analysis
The incidence of postoperative agitation after sevoflurane anaesthesia in midazolam-premedicated children is reported to be 39% 14 . An absolute reduction to 10% was considered clinically significant to warrant the addition of clonidine. To detect the reduction in incidence of post-sevoflurane agitation from 40 to 10%, 38 patients in each group were required, assuming a 5% one-tailed significance level (α=0.05) and power of 90% (β=0.10). We recruited a total of 124 patients to allow for possible dropouts.
Demographic data were analysed using the chisquare test. Categorical data was analysed using chi-square or Fisher's exact tests. Intraoperative haemodynamic parameters and respiratory rate were analysed using two-way analysis of variance for repeated measures, followed by post hoc analysis using Bonferroni's test. Ordinal data (scores) were analysed using the Kruskal-Wallis test followed by the Mann-Whitney test for pairwise comparison. Data were entered in Microsoft Excel 2003. Statistical analysis was done using SPSS version 13.0 for Windows (Chicago, IL, uSA).
RESuLTS
Four children were excluded from the study after randomisation as outlined in Appendix 1 (see the online version). One hundred and twenty patients completed the study.
The three groups of patients were comparable with respect to age, weight, gender and the duration of anaesthesia ( Table 1) . None of the children required intraoperative fentanyl as rescue analgesia as the sub-Tenon blocks were considered effective.
Data of the number of children with PDS scores ≥3 and >6 is presented in Table 2 . Two children in the NS group removed their IV cannula due to agitation and one child in this group removed both the IV cannula and the surgical dressing. Rescue medication for the control of emergence agitation was required for five patients in the control group 10 to 22 minutes postoperatively and for one patient in the C1 group at 15 minutes. Data of preoperative parental separation scores and induction scores is provided in Table 3 . These scores were comparable among the three groups.
The PDS for items 3 to 5 were significantly different among the three groups until 60 minutes postoperatively (P <0.001, Kruskal-Wallis) ( Figure  1 ). Pairwise comparison revealed significantly lower scores for items 3 to 5 of the PDS in group C2 compared to groups C1 and NS until 60 minutes postoperatively (P <0.05, Mann-Whitney). Group C1 had significantly lower scores of these three items at 15 minutes compared to NS (P=0.03, Mann-Whitney), while these scores were comparable between group C1 and NS at all subsequent time intervals postoperatively (P >0.05, Mann-Whitney).
PDS for all items were significantly different among the three groups for 45 minutes postoperatively (P <0.001, Kruskal-Wallis) (Figure 2 ). Pair-wise comparison revealed significantly low PDS scores in group C2 compared to groups C1 and NS for 45 minutes postoperatively (P <0.05, Mann-Whitney). Group C1 had significantly lower PDS scores at 15 minutes compared to NS (P=0.018, Mann-Whitney), while PDS scores were comparable between groups C1 and NS at all subsequent time intervals postoperatively (P >0.05, Mann-Whitney). Time to meet discharge criteria are listed in Table 1 with confidence intervals. The time for group C1 was nearly half of the other two groups. Subanalysis of the NS group showed a significantly longer time to meet discharge criteria in children who required rescue treatment for agitation versus those who did not require rescue medication in the postoperative period (98.33±19.4 [70 to 120] vs 68.14±14.3 [49 to 94] minutes, P <0.001).
Intraoperative heart rate data and systolic blood pressure data is presented in Figures 3 and 4 . Haemodynamic and respiratory parameters were comparable between the groups. None of the children developed hypotension, bradycardia or respiratory depression during the intraoperative or postoperative periods. None of the children had nausea or vomiting during the study period.
DISCuSSION
The results of our study suggest that intravenous clonidine 1 and 2 µg/kg effectively reduced postsevoflurane agitation in children premedicated with oral midazolam and undergoing cataract surgery without producing adverse side-effects such as hypotension or bradycardia. The lower dose provided an earlier discharge time compared to clonidine 2 µg/kg and also the control group. Analysis of the NS group showed skewness in time to meet discharge criteria because of rescue medication administration for severe agitation compared to those not requiring it. Hence, the longer discharge time in group NS was mainly because children who were more agitated in this group and required rescue medication had delayed discharge whereas in group C2 delayed discharge was mainly because of more sedated children, both situations warranting extra monitoring and nursing care. Clonidine 1 µg/kg is advantageous for a rapid turnover list, reducing the incidence as well as the severity of agitation and providing early recovery room discharge (our institution discharges day cases direct from recovery room without a 'step-down' ward).
The reported incidence of emergence agitation after sevoflurane anaesthesia varies depending on the definition, primary endpoints of the investigation, age of the children and type of surgery. The incidence of emergence agitation in our control group was 27.5%. The highest incidence of emergence agitation is reported to be in ophthalmologic (28%) and otorhinolaryngologic (26%) procedures compared to urologic (15%), orthopaedic (15%), general surgical (12%) and other (6%) procedures 15 . Our results support these observations. Assessment of emergence agitation in young children is difficult. Multiple scoring systems and scales have been used. Also, there is an overlap between pain assessment tools and the tools used for assessment of emergence agitation and delirium. using a non-validated scale limits the universality of the results and precludes verification by other authors 19 . We used a scale validated to assess pain and discomfort in children older than one year. This scale has been used previously in two studies to assess emergence agitation after sevoflurane anaesthesia 12, 18 . However, to date we do not have a valid and reliable assessment scale for agitation and delirium in young children. We did not use the paediatric anaesthesia emergence delirium rating scale developed by Sikich and Lerman. Although the designers of this scale believe it to be the only validated scale for assessment of emergence delirium, the reliability and validity stills needs to be substantiated 20 . Moreover, the authors have not defined a threshold score for significant emergence delirium, nor a score at which rescue medication is indicated. This makes the calculation of the incidence of emergence delirium and development of therapeutic modalities difficult. Also, the scoring of items described is subjective (not at all, just a little, quite a bit, very much, extremely) and may have inter-observer variation. The paediatric anaesthesia emergence delirium scale has items 4 ("The child is restless") and 5 ("The child is inconsolable") which may reflect pain as well as emergence agitation 20 . Hence, the reliability as well as the validity of the paediatric anaesthesia emergence delirium scale needs to be further examined and studied before accepting it as a reliable and valid scale for assessing emergence agitation or delirium.
Pain is reported to be a major precipitant of emergence agitation. We attempted to eliminate pain through effective local anaesthesia and supplementation with IV paracetamol.
Bock et al 12 , compared the effectiveness of clonidine 1 µ/kg and 3 µ/kg added to caudal bupivacaine and clonidine 3 µ/kg IV along with caudal bupivacaine for prevention of postanaesthetic agitation in children premedicated with midazolam 0.4 mg/kg. They found that clonidine 3 µg/kg administered through either caudal or intravenous routes prevents agitation after sevoflurane anaesthesia. However, intravenous 3 µg/kg clonidine was associated with the longest discharge time compared to other groups. There was a trend towards lower heart rate in this group. Although the authors did not study lower doses of IV clonidine, they commented that clonidine 1 µ/kg IV might be effective (probably due to more rapid and higher peak levels being achieved compared to the epidural route).
Intravenous clonidine 2 µ/kg was reported to produce a substantial reduction in the risk of postsevoflurane agitation in children premedicated with oral midazolam aged two to seven years, but was associated with a significant decrease in heart rate (116±32 vs 112±28 /minute) 10 and mean blood pressure (92±18 vs 87±21 mmHg) 10 in the recovery period 10, 13 . These differences appear to have minimal clinical significance. These authors also acknowledged the potential for significant sedation in the postoperative period with these doses of clonidine 13 . Malviya et al 9 demonstrated that intravenous 2 µ/kg clonidine significantly reduces the incidence of emergence agitation in unpremedicated children; however, recovery was prolonged after clonidine as evidenced by a 50% increase in time to awakening, 25% greater stay in the post-anaesthesia care unit and a two-fold greater incidence of sleepiness after discharge. Lankinen et al 4 compared placebo, IV tropisetron (0.1 mg/kg) or IV clonidine (1.5 µg/kg) for prevention of post-sevoflurane agitation in unpremedicated children undergoing adenoidectomy. The incidence of postoperative agitation was significantly less (32%) in the tropisetron group compared with placebo (62%). Clonidine 1.5 µg/kg was ineffective compared with our results, probably because of the lack of midazolam premedication, a different procedure being performed (adenoidectomy) and most probably because of a lack of complete analgesia in their study compared to ours.
Intense preoperative anxiety in children is reported to be associated with increased incidence of restless recovery from anaesthesia 3, 21 . Midazolam, a commonly used premedicant that decreases preoperative anxiety and facilitates parental separation, has also been shown to decrease emergence agitation following sevoflurane anaesthesia 6, 14 and desflurane anaesthesia 22 , with no delay in discharge from hospital. In contrast, other studies 23,24 showed no effect of midazolam on emergence agitation following sevoflurane or halothane anaesthesia. It is speculated that midazolam, a short-acting premedicant may result in a residual effect at the end of a short procedure and may decrease the incidence of emergence agitation, while the serum level might be too low to effectively sedate children following longer procedures 16 . As paediatric cataract surgery is a relatively brief operative procedure, we expected midazolam to have a residual effect at the end of surgery.
In conclusion, intravenous clonidine 1 µg/kg is effective for reducing agitation after sevoflurane anaesthesia and midazolam premedication in children undergoing cataract surgery without causing adverse side-effects such as increased sedation, hypotension or bradycardia. Intravenous clonidine
